The association between lithium and thyroid dysfunction has long been known. However, it remains unknown if lithium-associated hypothyroidism is reversible once lithium treatment has been stopped. Aims: To determine whether lithium-associated hypothyroidism was reversible in patients who subsequently discontinued lithium. Methods: A retrospective cohort study in the Swedish region of Norrbotten into the effects and side-effects of lithium treatment and other drugs for relapse prevention (Lithium -Study into Effects and Side Effects). For this particular study, we reviewed medical records between 1997 and 2015 of patients with lithium-associated hypothyroidism who had discontinued lithium. Results: Of 1340 patients screened, 90 were included. Of these, 27% had overt hypothyroidism at the start of thyroid replacement therapy. The mean delay from starting lithium to starting thyroid replacement therapy was 2.3 years (SD 4.7). In total, 50% of patients received thyroid replacement therapy within 10 months of starting lithium. Of 85 patients available for follow-up, 41% stopped thyroid replacement therapy after lithium discontinuation. Only six patients reinstated thyroid replacement therapy subsequently. Of these, only one had overt hypothyroidism. Conclusions: Lithium-associated hypothyroidism seems reversible in most patients once lithium has been discontinued. In such cases, thyroid replacement therapy discontinuation could be attempted much more often than currently done. Based on the limited evidence of our study, we can expect hypothyroidism to recur early after thyroid replacement therapy discontinuation, if at all.
Introduction
Lithium remains a first-line maintenance treatment for bipolar affective disorder (BPAD) (NICE, 2014) . Several large cohort studies have suggested that lithium is most effective for the prevention of suicide, self-harm, and acute affective episodes (Hayes et al., 2016; Song et al., 2017) . Lithium may even reduce the need for hospital admissions (Hayes et al., 2016; Joas et al., 2017; Song et al., 2017) .
Lithium has also been proposed as a possible augmentation treatment for refractory depression (NICE, 2009 ). Yet, despite its therapeutic utility, lithium is not without adverse effects. Concerning endocrine adverse effects, the association between lithium and thyroid dysfunction has long been known. Historically, the first two cases of lithium-associated hypothyroidism were reported by Rogers and Whybrow (1971) . An even earlier report of Schou et al. (1968) pertained to lithium-associated euthyroid goitre, which was reversible once lithium was discontinued. A later study, however, did not show any correlation between goitre and thyroid function in lithium-treated patients with BPAD (Kuman Tunçel et al., 2017) . Soon, further cases of thyroid dysfunction associated with lithium were published, leading to speculations that myxoedema was a possible side effect of lithium treatment (Vestergaard and Poulsen, 1972) . In the following decades, more evidence emerged, firmly establishing an association of lithium treatment with both subclinical and overt hypothyroidism (Gitlin, 2016; Grandjean and Aubry, 2009; McKnight et al., 2012) . Prevalence estimates of lithium-associated thyroid dysfunction range from 14-17% for overt and from 19-35% for subclinical hypothyroidism (Aliasgharpour et al., 2005; Fagiolini et al., 2006; Kupka et al., 2002) . One study in patients aged ⩾65 years reported a prevalence of 24% for overt hyperthyroidism (van Melick et al., 2010) . Currently, it remains unknown if lithium-associated hypothyroidism is reversible once lithium treatment has been stopped. It has been suggested that patients can stop their thyroid replacement therapy (TRT) having discontinued lithium, although hypothyroidism may occasionally reoccur (Gitlin, 2016 ). Yet, the evidence remains mainly anecdotal (Amdisen and Andersen, 1982; Brandrup, 1972; Karlsson et al., 1975; Souza et al., 1991) .
We set up this study to determine whether lithium-associated hypothyroidism was reversible in patients who subsequently discontinued lithium.
Method

Study design
This study is part of the Lithium -Study into Effects and Side Effects (LiSIE) research programme. LiSIE is set up as a retrospective cohort study, based on reviews of medical records, to explore the effects and potential adverse effects of lithium treatment compared to other drugs for relapse prevention. This way, LiSIE aims at identifying the best long-term treatment options for patients with BPAD and related conditions. The Regional Ethics Review Board at Umeå University, Sweden, approved this study (DNR 2010 -227-31M, DNR 2011 -228-32M, DNR 2014 .
LiSIE participants
LiSIE invited all individuals in the Swedish regions of Västerbotten and Norrbotten aged at least 18 years who had either received a diagnosis of BPAD (International Classification of Diseases (ICD) F31), schizoaffective disorder (ICD F25), or who had used lithium as a drug for relapse prevention between 1997 and 2011. The participants were informed about the nature of the study in writing and provided verbal informed consent. The consent was documented in our research files, dated and signed by the research worker who obtained the consent. In accordance with the ethics approval granted, for deceased patients no consent was obtained. Consent procedures concluded by the end of 2012. The cohort was locked at this point and no new patients were included in the study thereafter.
Patient selection and inclusion criteria
For this particular study, we included patients from Norrbotten who (a) had at least one prescription of lithium, (b) then discontinued lithium on at least one occasion at any time between 1997 and 2013, and (c) had received at least one prescription of thyroxine or liothyronine.
Exclusion criteria
We excluded patients who had received a lithium prescription, but never exceeded 0.2 mmol/L in lithium concentration (Ott et al., 2016) . We further excluded patients who reinstated lithium within 3 months of lithium discontinuation. We chose a lithium-free period of 3 months based on the available experience with amiodarone (Narayana et al., 2011) , assuming that any reversible effects of lithium on the thyroid would wear off within this time period. We also excluded patients for whom we could not clearly establish that the thyroid dysfunction was attributable to lithium. This concerned patients who had (a) started TRT before they started lithium or commenced on the same day as lithium, (b) used lithium only in the short term and discontinued within 3 months, (c) commenced TRT 3 months or more after lithium discontinuation, or (d) received TRT as an adjuvant treatment for depression rather than a correction of thyroid dysfunction. We finally excluded patients (e) who started and stopped TRT during lithium treatment.
Variable definitions
Hypothyroidism was thought to be reversible if TRT could be stopped after lithium discontinuation without persistent thyroid stimulating hormone (TSH) elevation during follow-up. We explored the potential reversibility of hypothyroidism at several intervals, within 2, 5 and 10 years after lithium discontinuation. We categorized thyroid status into six categories: normal, overt hypothyroidism, subclinical hypothyroidism, low free serum T4, unclassified, and hyperthyroidism (Table 1) . We classified these categories according to the laboratory methods and reference intervals used at the time. Laboratory methods were known for 91.6% of tests. Reference intervals were known for 100% of all tests, allowing accurate categorization of thyroid status in all cases (Appendix 1). Most laboratory values were analysed with an immunoassay from Roche Diagnostics Scandinavia with normal range reference values for thyroid function tests (TFT) of 0.27-4.20 IU/mL for TSH and 12.0-22.0 pmol/L for free serum thyroxine (fT4).
Validation of data
The date of the electronic prescription when lithium was started or discontinued was manually validated in the medical records for all patients. This way, we established the total time of lithium exposure. At this point, the psychiatric diagnosis at initiation of lithium treatment was excerpted (Öhlund et al., 2018) . Equally, we validated the accuracy of the start and stop date of TRT in the medical records. If no specific date for discontinuation could be established, for example, if a patient stopped treatment without notifying health care personnel, we estimated the stop date from the doctors' notes.
Chart review and analysis
We retrospectively reviewed the medical records of all eligible patients from 1997 to 31 December 2015. We additionally checked for lithium, TRT and TFT in medical records dating back to 1965 to ensure we had not missed any previous treatment periods. We followed the clinical course of lithium-associated hypothyroidism and its treatment according to a predefined process flow chart ( Figure 1 ).
Outcome parameters
We mapped the clinical course with the following parameters, which we then stratified further by age and sex: (a) time from lithium start to TRT start, (b) TSH and fT4 levels at which TRT was initiated, (c) proportion of patients who had discontinued TRT having stopped lithium, (d) time from stopping lithium to stopping TRT, and (e) proportion of patients requiring reinstatement of TRT. Age at the TRT start was stratified into two groups, <60 years and ⩾60 years in analogy to Shine et al., examining long-term effects of lithium in a retrospective analysis of laboratory data (Shine et al., 2015) .
Control for bias
We controlled for selection bias in the whole retrospective cohort study (LiSIE). Age, sex, maximum recorded lithium and creatinine concentrations were key parameters, available in anonymized form. In accordance with the ethics approval granted, we compared these parameters for consenting and non-consenting patients. No significant difference was found between the two groups.
Statistics
All data were anonymized before analysis. We first analysed the data descriptively, establishing means and medians for continuous variables and frequencies for categorical variables. TSH at the time of TRT start was analysed as a continuous variable. The distribution of this variable was presented in a histogram using a logarithmic scale to normalize data. We used the t-test for determining any potential differences in mean TSH level at TRT start for men and women and patients <60 years and ⩾60 years. The Chi-squared test was applied to assess whether there were any age or sex differences. We used Kaplan-Meier plots to map the time periods between the following events, (a) from starting lithium to first elevated TSH value and (b) from starting lithium to instating TRT. For the latter, we created separate Kaplan-Meier curves for men and women and patients <60 years and ⩾60 years. We tested potential differences between the two respective groups using the log rank test, setting the significance to p ⩽ 0.05. For the statistical analysis, we used SPSS 25.0 (IBM, Armonk, NY, USA). We have summarized our method in a Strobe checklist (Appendix 2).
Results
For this study, 1340 patients were potentially eligible, meeting the sampling requirements. According to our consent procedures, we could include 1098 patients, 58% of whom were women. We identified 181 patients who had received an electronic prescription for TRT after starting lithium, 75% of whom were women (p < 0.01). Of these 181 patients, 91 patients were excluded according to our procedures. Thus, the final sample consisted of 90 patients ( Figure 2 ).
Sample characteristics
Of the final sample, women accounted for 70% of patients who received TRT in the context of lithium treatment. Of all patients, 70% were younger than 60 years. More patients had subclinical than overt hyperthyroidism at the point of starting TRT. For 17% of patients, TFT were either normal or difficult to interpret at the start of TRT (Table 2) .
Time from starting lithium to starting TRT
The mean delay from lithium to TRT start was 2.3 years (SD 4.7) with a median of 10 months (9.5 months, min. 15 days, max. 29 years). In total, 90% started within 5.5 years of lithium initiation. TRT initiation closely followed the first elevated TSH (Figure 3 ). Men and women took approximately the same time from starting lithium to starting TRT (log rank test p = 0.76) ( Figure 4 ). However, patients <60 years started TRT significantly faster than patients ⩾60 years (log rank test p < 0.001) ( Figure 4 ). Mean time from lithium to TRT start was 1.1 years (SD = 1.5, min. 14 days, max. 8.8 years) for patients <60 years and 5.1 years (SD = 7.6, min. 29 days, max. 29.2 years) for patients ⩾60 years.
TSH and fT4 levels at which the TRT was initiated
The mean TSH at TRT start was 11.1 IU/mL (SD 15.0) with a median of 6.9 IU/mL and a range of 1.6-100 IU/mL. The mean fT4 at TRT start was 12.4 pmol/L (SD 3.0) with a median of 12.5 pmol/L and a range of 4.3-18.7 pmol/L ( Figure 5 ). There was no age (t = -0.08; df = 88; p = 0.939) or sex difference (t = 1.15; df = 88; p = 0.252) regarding TSH levels at TRT start.
Stopping TRT after discontinuing lithium
Of the 85 patients available for follow-up, 35 (41.2%) had stopped TRT at some point. Of these, 34.3% stopped TRT within 3 months and 71.4% within 1 year of discontinuing lithium. The mean time between discontinuing lithium to stopping TRT was 9.2 (SD 10.5) months with a median of 6.2 months and a range of 3.7 years. There was no difference in TSH (t = -1.193; df = 83; p = 0.236) or fT4 (t = 0.837; df = 80; p = 0.405) at time of starting TRT between patients who continued TRT after discontinuing lithium and those who did not.
Reinstating TRT
Of the 35 patients who stopped TRT, we identified six who reinstated TRT within the available follow-up period. The mean time to reinstatement was 1.8 years (SD 1.8), with a range from 11 days to 4.5 years. All six patients were female (Table 3) . One female patient, with subclinical hypothyroidism, developed overt hypothyroidism within 11 days after TRT was stopped. This patient was treated with lithium alone before it was discontinued and then with zuclopenthixol. In another woman, TRT was restarted after childbirth based on elevated TSH, which was still below 10 IU/mL. For the remaining four patients, thyroid status was normal, subclinical or not recorded at the time of TRT reinstatement. Of these, two patients had concomitant treatment with quetiapine and one patient had concomitant treatment with valproate, both at the point of lithium discontinuation and at the point of TRT reinstatement.
Discussion
The decision of whether to stop TRT after discontinuing lithium remains clinically challenging. If TRT was continued but lithium-associated hypothyroidism was reversible, patients would receive unnecessary treatment. If TRT was stopped but lithiumassociated hypothyroidism was not reversible, patients might run the risk of hypothyroidism and a deterioration of mental health.
Reversibility of lithium-associated hypothyroidism
Our study suggests lithium-associated hypothyroidism is reversible in the majority of patients who discontinue lithium. In our study, 41% of 85 patients available for follow-up stopped TRT after discontinuing lithium treatment. Only 17% subsequently restarted TRT. Just one patient had overt hypothyroidism at the time of TRT reinstatement. In this patient, TRT had been stopped two days after lithium discontinuation. TRT was then reinstated 11 days later. Most likely, this was too short a time interval for the thyroid gland to recover. One patient restarted TRT postpartum. In this patient, the time between stopping TRT and reinstatement exceeded 4 years; TRT reinstatement may have been more likely due to post-partum thyroiditis than permanent lithium-associated damage to the thyroid gland. In the other four patients, judging on TFT alone, it remains unclear whether TRT reinstatement was really necessary. In 1972, Brandrup published the case of a woman who developed a goitre and difficulties swallowing within half a month of starting lithium. Her serum T4 concentration was 11 nmol/L (normal range 66-139 nmol/L). Her protein bound iodine (PBI), an indirect measurement of thyroid function used at the time, was 0.3 µg/100ml (normal range 3.5-7.5 µg/100ml). After discontinuation of lithium, T4 concentration increased to 115 nmol/L and PBI to 4.2 µg/100ml. The patient's mental state deteriorated after lithium discontinuation. Therefore, lithium reinstatement with concomitant thyroxine substitution was considered (Brandrup, 1972) . Amdisen and Andersen (1982) cross-sectionally examined a cohort of 237 patients treated with lithium for at least 6 months. Of these, 7.6% had TSH values ⩾ 10 IU/mL. At review after 3 years, there were three patients who had their lithium treatment discontinued. In two of these patients, one female and one male, TFT normalized within 1 and 2.5 years respectively. The third, female, patient was still considered in need of TRT 2 years after stopping lithium. A randomized cross-over study investigated the impact of lithium discontinuation in 14 euthyroid patients with TSH and fT4 in the reference interval. The patients with BPAD had been on lithium for an average of 9.8 years. After stopping lithium, TSH decreased and fT4 increased significantly during the 4-week study period (Souza et al., 1991) .
Possibly the BPAD itself could also constitute a risk factor for hypothyroidism. This could then also increase the risk of recurrence of hypothyroidism after stopping TRT. In our study, patients acted as their own controls, before and after lithium discontinuation. This makes it unlikely the underlying BPAD affected the reversibility of hypothyroidism after lithium discontinuation. The emergence of lithium-induced hypothyroidism during the initial period of lithium therapy may point towards a genetic susceptibility. This could increase the risk of recurrence of hypothyroidism in patients stopping TRT after stopping lithium. Genes have been identified that modify thyroid function directly, the TSH receptor or immune regulation. However, they may only account for a small proportion of hypothyroidism (Panicker, 2011) . At present, our understanding of genetic factors remains limited. Family history of thyroid dysfunction in patients treated with lithium is rarely explored in scientific studies. One cross-sectional study found a positive association between family history and clinical hypothyroidism (Ozpoyraz et al., 2002) . In our study, information on family history of thyroid dysfunction was mostly absent in the medical records. Clinicians should be encouraged to record a family history of thyroid disorder more systematically than is currently done.
Concomitant treatment with other drugs for relapse prevention and other psychotropic medications
Concomitant treatment with other drugs for relapse prevention or other psychotropic drugs could also affect the reversibility of hypothyroidism after lithium discontinuation. A large cohort of about 25,000 US patients with BPAD treated with mood stabilisers in monotherapy examined the cumulative incidence of hypothyroidism over a 4-year period (Lambert et al., 2016) .
Hypothyroidism occurred in 7.5% of the sample. The 4-year cumulative risk was highest for lithium (8.8%) and quetiapine (8.3%). Some thyroid-inhibiting action has also been suggested for valproate, carbamazepine, drugs for depression and phenothiazine-derived drugs (Bou Khalil and Richa, 2011; Park et al., 2011) . In the six patients who subsequently reinstated TRT in our study, only one developed overt hypothyroidism. At the time of TRT reinstatement, this patient was only treated with zuclopenthixol, a drug not usually associated with hypothyroidism. In another patient, TRT was restarted much later postpartum. For the other four patients, thyroid status was normal, subclinical or not available at the time of TRT reinstatement. In these four patients, other concomitantly given drugs for relapse prevention did not seem to affect thyroid function substantially. Yet, although lithium-associated hypothyroidism seems reversible in the majority of patients who discontinue lithium, concomitant medication with other drugs for relapse prevention or other psychotropic drugs may still affect thyroid function. Currently, our knowledge regarding such interactions remains limited. We intend to study the impact of various drugs for relapse prevention and their combinations in more detail in future work based on the LiSIE cohort. Bocchetta et al. (2016) conducted a comprehensive literature review and report of 14 cases. Mood disorders and circulating thyroid antibodies were 'very prevalent' in the general population. However, they might have concurred by chance. Yet, based on the evidence, the authors proposed thyroid antibodies were of relevance in bipolar spectrum disorders. Antibodies were not systematically available in our study. Thus, we could not assess thyroid antibodies as a predictor of the reversibility of thyroid status. In one prospective study, the occurrence of thyroid antibodies in lithium-treated patients predicted the subsequent need of TRT (Bocchetta et al., 2007) . In another prospective study, there was no association between lithium treatment and thyroid autoimmunity (Ozpoyraz et al., 2002) . The presence of antibodies is unlikely to affect the decision of whether to start lithium. Hypothyroidism is an adverse effect that can easily be managed clinically. BPAD in contrast is a severe psychiatric condition that requires maintenance treatment to prevent suicide and relapse (Werneke et al., 2012) . As the thyroid function is monitored anyway, the incremental costs of routine thyroid antibodies testing may outweigh the gains.
Role of anti-thyroid antibodies
Time between lithium and TRT start
In our study, 50% started TRT within 10 months, 75% within 2.5 years and 90% within 5.5 years. We found the time interval between lithium and TRT start was significantly longer in older patients. Our results are comparable to the findings of another study, exploring the time interval between lithium start and diagnosis of hypothyroidism (van Melick et al., 2010) . This study compared thyroid status in 79 lithium and 85 non-lithium patients ⩾65 years. Of all lithium patients, 28 (33%) had developed clinical or subclinical hypothyroidism while on lithium treatment. For 25 patients, the time interval could be determined. In these, 25% had developed thyroid dysfunction within 1 year, 52% within 2 years and 80% within 7 years. Another previous study explored the development of clinical hypothyroidism in 695 patients treated with lithium. In this study, the prevalence of clinical hypothyroidism was 10.4%. For a subsample of 548 patients with continuous lithium treatment, the survival curves suggest that about 3% of men and 9% of women developed clinical hypothyroidism within 2 years, 4% of men and 14% of women develop it within 5 years and 6% of men and 20% of women develop hypothyroidism within 10 years (Johnston and Eagles, 1999) .
Natural course of subclinical hypothyroidism
In the general non-lithium-exposed population, the annual rate of progression from subclinical to overt hypothyroidism lies between 2-6%. The risk of progression is higher in women and individuals with higher TSH concentrations (Vanderpump et al., 1995) . But subclinical hypothyroidism can also revert to normal.
In one-third of affected individuals, this occurs within 1 year. In two-thirds, this occurs within 2 years (Diez et al., 2005) . We do not know whether spontaneous recovery of thyroid function is slower in lithium-treated patients.
Subclinical hypothyroidism and mental health
Although thyroid status and mood disorders have been associated, the relationship remains poorly understood and controversial. A large cohort study followed 7323 middle-aged adults in South Korea without depression at the starting point. This study failed to find a significant association between subclinical hypothyroidism and incident depressive symptoms (Kim et al., 2018) . Yet, in another study, Amann et al. (2017) found that higher TSH concentrations increased the risk of manic relapse in patients with BPAD 1 disorder, whereas fT4 or fT3 concentrations did not increase that risk. Even if an association between subclinical hypothyroidism and mood disorders was confirmed, TRT might not necessarily improve affective symptoms. Current meta-analytic evidence does not support the use of TRT in patients with subclinical hypothyroidism and depressive symptoms (Feller et al., 2018) . TRT has been suggested to have some role as an augmentation treatment for resistant depression. The evidence, however, remains inconclusive (NICE, 2009; Nierenberg et al., 2006; Rush et al., 2009; Strawbridge et al., 2019; Zhou et al., 2015) . Ultimately, we do not know when TRT should be used in patients with subclinical hypothyroidism. Watchful waiting may be an option, because many patients may revert to normal TSH spontaneously. In a study of 40 patients with spontaneous subclinical hypothyroidism, 68% had recovered within 2 years. Only four patients had not reverted to normal after 5 years (Diez et al., 2005) . The available evidence does not allow us to predict the impact of TRT discontinuation on mood. It is equally unclear whether patients with BPAD 2 disorder may be more likely than patients with BPAD 1 disorder to discontinue lithium because of associated hypothyroidism. In a previous study based on the LiSIE cohort, we identified the reasons of lithium discontinuation for 561 episodes of lithium discontinuation recorded between 1997 and 2015. Overall, 62% of reasons for lithium discontinuation related to adverse effects. But only 2% of episodes of lithium discontinuation related to TSH increase or hypothyroidism. There was no significant difference in patients with BPAD 1 or schizoaffective disorder and BPAD 2 or other BPAD (Öhlund et al., 2018) .
Strengths
To our knowledge, this study is unique in looking explicitly into the potential reversibility of hypothyroidism after lithium discontinuation. The study was observational, reflecting real-life clinical practice. Due to its retrospective nature, it did not influence the decisions on treatment of the studied subjects. This study provided an in-depth analysis of clinical data over a 19-year period in a large sample of patients who had been exposed to lithium. The participation rate was high at 75%. For all included patients, psychiatric diagnoses were validated. Access to both prescription and laboratory data enabled us to check whether a patient had followed the prescription. Access to laboratory data across specialties permitted follow-up of thyroid function. Above all, access to the original medical records allowed us to determine whether TRT was causally related to lithium exposure or just associated. This way, we could eliminate association bias inherent in register studies or studies limited to laboratory and/or prescription data alone.
Limitations
In 60% of our patients, TRT continued despite stopping lithium. In many patients, thyroid function could have recovered without continuing TRT. This we could not assess. Hence, our study may underestimate the likelihood of reversibility. Bias can arise when patients who have agreed to participate systematically differ from patients who have not. We controlled for such selection bias in the whole LiSIE study. The TRT starting dates were not always clearly documented. Neither were the reasons for starting or restarting TRT always recorded. TSH and fT4 values at TRT start varied considerably. Periods available for follow-up also varied. The more time that passed between discontinuation of lithium and reinstatement of TRT, the less likely it was that hypothyroidism could be attributed to lithium. Ultimately, the quality of our results depended on the quality of the documented clinical information. This way, our study reflected real life and provided an opportunity to derive implications for practice. Due to the retrospective nature of our material, we could not equate association with causation, which reflects clinical practice. We only included patients for whom we could reasonably assume that TRT had indeed been attributable to lithium. This reduced our final sample size to only 90 patients. Still, at present, our study is the largest available on this subject.
Conclusion
In most patients lithium-associated hypothyroidism seems reversible once lithium has been discontinued. Therefore, in such cases, TRT discontinuation could be attempted much more often than is currently done. It seems prudent to allow some weeks for the thyroid gland to recover before stopping TRT. Based on the limited evidence of our study, we can expect hypothyroidism to recur early after TRT discontinuation, if at all. Thus, it is advisable to monitor thyroid function for 3 to 6 months. TRT reinsertion should then only be reconsidered if there are unambiguous signs of hypothyroidism, such as persistently high TSH and low fT4. Judging from the fading significance of TRT as an augmentation for treatmentresistant depression, TRT discontinuation may not adversely affect mood by default. Shared care between psychiatry, endocrinology and primary care can help to optimize treatment decisions to ensure that patients who do not need TRT can safely discontinue.
